The characteristics of transportation and distribution of 14 C and 15 N in ginger were investigated. Results showed that shoots and leaves were growth centers at the seedling stage, and 80.7 % of the carbon assimilation was transferred to these parts. Afterward, the distribution rate for shoots and leaves decreased gradually with the growth, whereas the distribution rate for the rhizome increased. Up to the vigorous growth stage of rhizome carbon assimilation was mainly transported from leaves into the rhizome, thus the rhizome became growth center. The absorption and utilization of nitrogen were the same as carbon assimilates. 48.41 % of the nitrogen absorbed from fertilizer applied at seedling stage was distributed to the shoots and leaves. While 65.43 % of the nitrogen derived from fertilizer applied at vigorous growth of rhizome was distributed into rhizomes, only 32.04 % distributed into shoots and leaves. The rate of fertilizer-N utilization by ginger was quite different in different fertilizer-N application stages. The results indicated that the rate of fertilizer-N utilization increased with the delay of application. The highest utilization rate, 45.24 % was observed when fertilizer was applied during the middle period of vigorous growth, while the utilization rate was only 28.09 % when applied at seedling stage. The results also showed that the stored nutrients in the ginger seed were partly transferred to new plants in the whole process of growth. A certain proportion remained in the ginger seed itself. At the same time, a part of the carbon and nitrogen nutrition assimilated by the leaves and roots was transported back to seed-ginger. The exchange of carbon and nitrogen nutrition between the above ground parts and underground seed of ginger would be the characteristics of their transportation and distribution during ginger growth. This ensured that the seed-ginger could not be shriveled.
INTRODUCTION
Ginger (Zingiber officinale Rose) is an agamogenetic vegetable, its growth and development had particular regulation (Zhao, D.W, et al., 1981 , Li, S.X., 1964 . After new organ of ginger was formed, the seed-ginger was not shriveled, but enhanced its weight to curtain extent. There is a saying that "planting ginger can always sustain losses in business." This manifests that the assimilation and distribution regulation of nutrition in ginger was different with other crops. The formation of ginger rhizomes and fertility measurements had been studied before (Zhao, et al.,1992; Xu, et al., 1991; 1999 , 2000 , however, the characteristics of transportation and distribution of carbon and nitrogen nutrition at different growth stages of ginger had not been reported until now. Therefore, applying the isotopic trace technique, the author studied the characteristics of transportation and distribution of carbon and nitrogen nutrition at different growth stages of ginger. The source-pool relationship had also been explored, so the theories for improving cultural measurements and enhancing ginger yields could be provided.
MATERIALS AND METHODS
The experiment was performed using "Laiwu big ginger" in the vegetable testing station of Shandong Agricultural University. One plant was seeded in one pot 30 cm high 342 and 25 cm diameter, filled with 12.5 kg air-dried soil. The soil used in this study was arenaceous soil, with the following properties: pH 7.30; organic matter 1.34 %; alkaline N 78.7 mg.kg -1 ; available P 2 O 5 52.2 mg.kg -1 ; K 2 O 129.6 mg.kg -1 .
Studying Method on Distribution Regulation of Carbon Nutrition
Applications of 14 C trace technique. 14 CO 2 had been used to tag the plants at seedling stage (Jun 15), stem & leaf vigorous growth stage (Aug. 8) and rhizome vigorous growth stage (Sept.18). The process was as follows: at 9:00 AM, put the need-marking part into a bag that was made of cellophane paper, inject 14 CO 2 gas, after 1 hour of photosynthesis, the remaining 14 CO 2 was absorbed by saturated NaOH. The tagging quality was 25 µCi.L -1 . Samples were collected 48 hours later according to different organs and then put into paper bags. Immediately after sampling, all plant materials were oven-dried at 105 C o 10 minutes, dried 70-80 C o , weighed and ground. After triturating the dried samples and weighing 50mg, the radioactive intensity was measured with a Model Fj-2101 Liquid Scintillation Counter.
Studying Method on Distribution and Utility Regulation of Seed-Ginger Nutrition
Applications of 14 CO 2 to gingers were made everyday from October 6th 1998 to October 10th 1998 at 9:00 AM for two hours before harvesting, then the rhizomes were stored as seeds for next year. The rhizomes were sown on April 28th 1999. The first sampling began on May 28th after the seedling emerged. Plants were sampled every twenty days. All the samples were put into paper bags according to different organs, ovendried at 105 C o for 10 minutes, dried at 70-80° C, and weighed. The distribution ratio of different organs was calculated using the following calculation methods:
14 C distribution ratio(%)=radioactive intensity of certain organ (Bq/g) ×dry matter weight of certain organ (g)/radioactive intensity of total plant (Bq/g)×total plant weight (g).
Studying Method on Distribution Regulation of Nitrogen Nutrition
Application of 15 N trace technique. The fertilizer in this experiment was (NH 4 ) 2 SO 4 , the richness of 15 N was 10.16 %. The nitrogen was applied at seedling stage (mid -June), stem & leaf vigorous growth stage (mid o-Aug.) and rhizome vigorous stage (mid -Sept.). The applied nitrogen per pot was 500 mg, 1000 mg and 300 mg, respectively. All the plant materials were sampled at specific periods during growth process, put into paper bags according to different organs, oven-dried at 105 C o for 10 minutes, dried at 70-80 C o and weighed. Triturated the dried samples and weighed 0.5 g sample, then nitrified by H 2 SO 4 -HClO 4 . The richness of 15 N was measured by a Model N-150 Spectrograph. Each experiment in the paper was repeated for 3-4 times. All data in the tables were means of measured values.
RESULTS

The Characteristics of Carbon Assimilation Distribution at Different Growth Stages
When the ginger ramified at the seedling stage, 14 C was used to label the main shoot. The results (table 1) showed that 80.7 % of the 14 C assimilations was transferred to the above-ground shoots and leaves, only 12.4 % was distributed to the rhizomes and roots. Furthermore, among the above-ground carbon assimilations transferred, 42.4% was contributed to the main shoots itself, and 33.8 % was transferred to the first shoots. The data manifested that shoots and leaves above-ground were growth center at the seedling stage.
At the shoot & leaf vigorous growth stage, about 70 % of carbon assimilation was used for the shoot and leaf growth, and about 24 % of carbon assimilations was used to form the rhizome. This implied that the stem and leaves were still the growth center. Whereas compared to the seedling stage, the distribution rate for shoots and leaves decreased and enhanced for the rhizome with the growth. It was obvious that the growth center had changed to the rhizome from above-ground parts. At rhizome vigorous growth stage, most of the carbon assimilation was transferred to the rhizome, only a small part settled itself for growth. So, at this stage, the rhizome was the sink of carbon assimilations.
The Characteristics of Nitrogen Absorption and Distribution in Different Periods of Fertilization
As table 2 shows, the utilization rate of applied nitrogen was 28.09 % at seedling stage, 40.26 % at stem & leaf vigorous growth stage and 45.23 % at rhizome vigorous growth stage, respectively. The results indicated that the rate of fertilizer-N utilization increased with the delay of application. This was consistent with the conclusion on other plants studied before (Wang, F.J. et al., 1981 , Wang, S.L. et al., 1989 , Tang, L. et al., 2000 . The distribution of nitrogen absorbed by ginger varied greatly in different organs. There was a close relationship between the distribution of nitrogen applied at different growth stages in different organs and the plant growth centers. At seedling stage, leaves and shoots were the growth center, so the distribution rate of nitrogen of these parts was higher than that of the later growth stages. At rhizome vigorous growth stage, the rhizome was the growth center, if the nitrogen fertilizer was applied at this period, the distribution rate of nitrogen of rhizome was higher than at seedling stage and leaf vigorous growth stage. Taking one with another, the applied nitrogen was almost distributed into shoots and leaves above-ground when shoots and leaves grew very fast at seedling and leaf vigorous stage. Afterwards, the above and underground parts both grew vigorously, so the distribution of applied nitrogen between these parts came to a balance. So it could be concluded that the effect of applied nitrogen fertilizer on different organs was different at different periods. Therefore, applied fertilizer in different stages had its own important role for different organs. It also should be pointed out that in the different stages, there was always about 3 % of the total nitrogen to be distributed into seed ginger. Which meant that not only seed ginger contributed part of carbon to plant growth at seedling stage (Xu, K., 1992), but also part of the nitrogen absorbed by plant were refluxed to seed ginger even at rhizome vigorous growth stage.
The Source of Nitrogen of Ginger Plant and its Dynamic Variety
As table 3 showed, the percent of nitrogen absorption amount of nitrogen at seedling stage was only 11.27 % compared to the nitrogen of whole process of ginger growth. And the fertilizer nitrogen absorbed at seedling stage was only 24.35 % of total nitrogen. The data indicated that the ginger plant required minimal fertilizer nitrogen at seedling stage, and the main source of nitrogen in the period was soil nitrogen. However, the absorption rate of nitrogen increased rapidly during the vigorous growth stages, reaching above 40 %, and then remained constant. In the whole process of growth, the absorption quantity of fertilize nitrogen was 660.91 mg per plant, the utilization rate of which was 36.72 %. The absorption of nitrogen was lower at seedling stage, so the utilization rate of fertilize nitrogen was very low, only 8.39 %.
The Characteristics of Carbon Nutrition Transportation and Distribution in Seedginger
The experiment had measured the 14 C nutrition of seed-ginger through sampling by stages. It could be seen from the result (table 4) that the stored nutrition of seed-ginger played an important role during the whole process of growth. During the whole growth process, part of the nutrition in seed-ginger was transferred into other growth parts, especially the growth center, but the quantum of nutrition transported from the seed-ginger became smaller and smaller as the growth of ginger. Therefore, what the seed-ginger nutrition mainly transferred to was shoots and leaves above-ground at seedling stage, and at rhizome vigorous growth stage was rhizome. At the shoot and leaf vigorous growth stage, the quantum of seed-ginger nutrition transferred into above-ground and underground part was approximate. At last, about 80% of nutrition remained in the plant. 
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